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Description 

[0001 ] The invention relates to a rotor for centrif uging 
biological samples including a liquid phase, comprising 
a bulk fluid chamber, a metering chamber connected to 
the bulk fluid chamber and being positioned radially out- 
ward from the bulk fluid chamber, an overflow chamber 
connected to the metering chamber, a receiving cham- 
ber positioned radially outward from the metering cham- 
ber, and a capillary connecting means for delivering the 
fluid from the metering chamber to the receiving cham- 
ber. 

[0002] Further the invention relates to a method for 
delivering a predetermined volume of fluid to a receiving 
chamber in a rotor for centrifuging biological samples 
including a liquid phase, wherein a volume of fluid great- 
er than the predetermined volume is introduced into a 
bulk fluid chamber, the rotor is spinned at a first rotation- 
al speed to effect the radially outward flow of the fluid 
from the bulk fluid chamber into a metering chamber 
such that excess fluid flows out of the metering chamber 
into an overflow chamber, and a predetermined volume 
of fluid remains in the metering chamber, and fluid from 
the metering chamber is delivered from the metering 
chamber to the receiving chamber 
[0003] Such a rotor and method are known from EP- 
A-0 039 825, a capillary connecting means for delivering 
the fluid from a metering chamber to a receiving cham- 
ber being provided by a straight capillary which is used 
to hold the fluid in the receiving chamber by capillary 
force and the friction of the meniscus of the fluid which 
hinders an escape of air from the receiving chamber. 
Fortransporting the fluid into the receiving chamber an 
increase of the rotational speed of the rotor is used to 
break the meniscus. 

[0004] FR-A-2 575 293 concerns a rotor wherein the 
connecting means between the metering chamber and 
the receiving chamber are also provided as a capillar 
extending in circumferential direction. - US-A-3 744 975 
describes a rotor wherein the connecting means is a 
folded passage which prevents direct passage of sam- 
ple fluid lo a receiving chamber after it has been distrib- 
uted to the connecting means as the acceleration in- 
duced pressure head of the sample liquid in each con- 
necting means is balanced by the pressure head of fluid 
in the inwardly extending leg of the connecting means. 
[0005] It is desirable to provide an improved centrifu- 
gal rotor and method for separating blood into plasma 
and cellular components and for further distributing the 
separated plasma into a plurality of descrete test wells 
within the rotor. 

[0006] Thus the invention concerns a rotor as men- 
tioned above, wherein the connecting means comprises 
a siphon through which the metering chamber is capa- 
ble of preventing flow of fluid out of the metering cham- 
ber until after the metering chamber is full, wherein the 
elbow of the siphon is positioned so that it is substan- 
tially the same distance from the centre of the rotor as 



the radially must inward point of the metering chamber. 
[0007] The receiving chamber may be a separation 
chamber having a cell trap. A collection chamber may 
be connected to the receiving chamber and a plurality 
5 of cuvettes may be disposed radially outward from the 
collection chamber. Each cuvette may contain reagents 
necessary for analysis of the fluid. The rotor may be in- 
jection molded or machined. 

[0008] Further, the invention concerns a method as 
10 mentioned above, wherein the fluid delivering from the 
metering chamber to the receiving chamber is practiced 
in stopping the rotation of the rotor, thereby priming a 
siphon connecting the metering chamber to the receiv- 
ing chamber, followed by spinning the rotor, thereby in- 
15 itiating the operation of the siphon and emptying the me- 
tering chamber. 

[0009] The receiving chamber may be used as a sep- 
aration chamber and be provided with a cell trap. The 
bulk fluid chamber may be used as a diluent chamber 
20 and the introduction of fluid may be carried out by 
preloading a diluent in the bulk fluid chamber. As biolog- 
ical sample blood may be centrifuged. 
[0010] The invention will now be explained in connec- 
tion with the embodiments shown in the attached draw- 
25 ings. 

[0011] Fig, 1 is a plan view of a middle layer of a cen- 
trifugal rotor. 

[0012] Fig. 2 is a plan view of a bottom layer of a cen- 
trifugal rotor. 

30 [001 3] Fig. 3 shows a part of the bottom layer of Fig. 2. 
[0014] Fig. 4 shows two cross-sectional views along 
the line 27-27 of Fig. 3. 

[0015] Fig. 5 is a cross-sectional view of along line 
28-28 of Fig. 2. 

os [0016] Fig. 6 is a perspective view of an inlet channel 
showing the direction of flow in the discrete flow paths. 
[0017] Fig. 7 is a cross-sectional view of the bottom 
layer of the centrifugal rotor showing the light path 
through the fluid in the cuvette. 
-to [0018] Fig. Bis a cross-sectional view along line 31 -31 
of Fig. 7. 

[0019] Fig. 9 is a plan view of a pari of the centrifugal 
rotor showing a cuvette, a straight inlet channel and a 
reflective surface. 
4$ [0020] The centrifugal rotor is in the form of a substan- 
tially solid disk including a top layer (not shown), middle 
layer 288, and bottom layer 322 laminated together to 
form a composite structure. Typically, each of the layers 
will be composed of the same material, usually a trans- 
so parent plastic such as an acrylate, but it is possible that 
the layers will be composed of different materials and 
that each layer may include two or more different mate- 
rials forming different portions of the layer. A receptacle 
is formed in the bottom layer 322 and is generally 
55 aligned with the vertical axis of the rotor. The receptacle 
is formed to mate with the drive shaft of a conventional 
centrifuge system. 

[0021] The top layer includes a blood application port 
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and four vent ports. The blood application port and vent 
ports penetrate the entire thickness of the top layer and 
are aligned with various chambers formed in the middle 
layer 28S of the rotor 

[0022] The middle layer 288 comprises a blood cap- 
illary 290 and a metering chamber 292 connected to the 
blood capillary 290 by a connecting channel 294. An 
overflow chamber 296 is connected to the metering 
chamber 292 through the overflow channel 298. The 
blood capillary 290, the metering chamber 292 and 
overflow chamber 296 preferably have capillary dimen- 
sions. An initial volume of fluid, such as whole blood, is 
introduced into the blood capillary 290 through blood ap- 
plication port in the top layer. As the rotor spins the initial 
volume partitions between the metering chamber 292 
and the overflow chamber 296. The metering chamber 
292 is sized to accept the predetermined amount of fluid 
desired to be split from the blood capillary 290. The first 
fluid entering the metering chamber 292 will fill the 
chamber, while excess fluid will overflow the metering 
chamber 292 and flow through connecting channel 294 
and overflow channel 298 into overflow chamber 296. 
The overflow feature causes the original bulk amount of 
fluid to be split into two amounts, the first precisely 
measured amount and the excess fluid. 
[0023] A siphon 318 is used as the connecting means 
to control flow between the metering chamber 292 and 
separation chamber 300. The elbow 320 of the siphon 
318 is positioned so that it is substantially the same dis- 
tance from the center of the rotor as the radially most 
inward point of the metering chamber 292. 
[0024] As the rotor 10 spins and the metering cham- 
ber 292 is filled, fluid in the siphon 318 does not move 
past the elbow 320. The rotor 10 is then stopped and 
capillary action pulls fluid just beyond the elbow 320 and 
the siphon is "primed". When the rotor 10 is spun again, 
centrifugal and capillary forces pull the fluid out of the 
metering chamber 292 into the separation chamber 300. 
[0025] The bottom layer 322 typically of a transparent 
plastic, such as acrylic, comprises a sample collection 
chamber 324 spaced radially inward from a plurality of 
peripheral cuvettes 326. Each cuvette 326 is connected 
to the collection chamber 324 by an inlet channel 328. 
The collection chamber may be formed in any shape, 
for instance, as a circle, a ring, or the like. 
[0026] Each inlet channel 328 comprises two discrete 
flow paths, a first flow path 340 for the flow of liquid into 
the cuvette 326 and a second flow path 342 for the flow 
of gas out of the cuvette. The term "discrete" as used 
herein refers to the fact that two flow paths 340 and 342 
are separately defined and distinct from each other. The 
inlet channels 328 are preferably curved so as to pre- 
vent backwash or carryover when the contents of the 
cuvettes are agitated to effect mixing of the contents. 
Thus, cross contamination between cuvettes is avoided. 
The use of the flow paths 340 and 342 allow gas to es- 
cape easily from the cuvette 326 as it is tilled and thus 
prevent the formation of bubbles in the cuvette 326, 



which can debteriously affect the results of optical anal- 
yses. 

[0027] There are a number of ways to create two dis- 
crete flow paths in the inlet channel 328. For instance, 
5 Figs. 4A, 4B and 6 show three possible configurations 
in which liquid flow path 340 has a greater depth than 
the gas flow path 342. Because of its greater depth, the 
fluid will preferentially flow down path 340, leaving path 
342 available for the evacuation of gas from the cuvette 
10 328. The liquid flow path 340 may be on the side of the 
inlet channel 328 toward the direction of rotation of the 
rotor, as shown in Figs. 4A and 4B. In this configuration, 
centrifugal force will urge the liquid along the "leading" 
wall. Alternatively, if the inlet channel is not curved as 
15 shown in Fig. 9, the fluid flow path 340 may be in the 
center of the inlet channel 328, as shown in Fig. 8. 
[0028] The inlet channel 328 is conveniently formed 
such that it passes around a reflective surface 330 (de- 
scribed more fully, below). If a reflective surface 330 is 
present, the inlet channel 328 will typically pass around 
the reflective surface 330 on the side in the direction of 
rotation of the rotor. In the absence of a reflective sur- 
face 330, the inlet channel may be formed in any other 
generally radial configuration. 

[0029] Other embodiments utilize inlet channels 328 
having regions with different surface textures. For in- 
stance, the gas flow path 342 may be left unpolished, 
leaving a rough surface texture in that region, while the 
fluid flow path 340 is polished. Alternatively, the liquid 
flow path 340 may be treated so as to be hydrophilic 
whereas the gas flow path is treated so as to be hydro- 
phobic. The manner of treatment to make the surfaces 
hydrophilic or hydrophobic is well known in the art and 
need not be recited here. Any known surface treatment 
may be used as desired so long as it is chemically inert 
to the fluids passing through the inlet channel 328. 
[0030] The rotor thus permits rapid filling of the cu- 
vettes. Each cuvette is filled completely leaving little or 
no gas to interfere with subsequent optical analysis of 
the cuvettes contents. 

[0031] Turning now to Fig. 7, it can be seen that opti- 
cal analysis of the cuvette contents is facilitated by re- 
flective surfaces 330 positioned radially inward from 
each cuvette 326 such that they are capable of deflect- 
ing a light beam between a generally vertical and a gen- 
erally horizontal direction and which are oriented at 
about 45° from the vertical axis of the rotor. As used 
herein, the "horizontal" and "vertical" directions are de- 
termined in relation to the axis of rotation of the rotor. 
The horizontal direction (typically radial) is perpendicu- 
lar to the axis and the vertical direction is parallel to the 
axis. 

[0032] The reflective surface 330 need not be orient- 
ed directly radially inward from the cuvette. The reflec- 
tive surface 330. however must be parallel to the side 
of the cuvette in the optical pathway. For instance, a hor- 
izontal light beam which does not pass radially through 
the rotor may be used. Thus, the reflective surface 330 
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will be placed on a radial plane different from that of the 
cuvette 326, as shown in Fig. 9. 
[0033] In an exemplified embodiment, the reflective 
surface deflects a vertical light beam 332 from a light 
source 334 so that it passes radially through a fluid 336 
in the cuvette 326. A light is then detected by the detec- 
tor 336. The orientation of the reflective surfaces 330 is 
such that the positions of the detector 338 and light 
source 334 can be reversed. In the reversed configura- 
tion a horizontal light beam passes through the cuvette 
contents and is then deflected so that it passes vertically 
through the rotor where it is detected below the rotor. 
The reflective surfaces can be composed of any reflec- 
tive surface known in Ihe art which provides total internal 
reflection, and are typically air mirrors in which light is 
reflected at the acrylic-air interface. Alternatively, the 
surface can be coated or backed with a light reflective 
material. 



Claims 

1 . A rotor for centrif uging biological samples including 
a liquid phase, comprising a bulk fluid chamber 
(304), a metering chamber (292) connected to the 
bulk fluid chamber (304) and being positioned radi- 
ally outward from the bulk fluid chamber (304), an 
overflow chamber (296) connected to the metering 
chamber (292), a receiving chamber (300) posi- 
tioned radially outward from the metering chamber 
(292), and a capillary connecting means for deliv- 
ering the fluid from the metering chamber (292) to 
the receiving chamber (300), characterized in that 
the connecting means comprises a siphon (318) 
through which the metering chamber (292) is capa- 
ble of preventing flow of fluid out of the metering 
chamber (292) until after the metering chamber 
(292) is full, wherein the elbow (320) of the siphon 
(318) is positioned so that it is substantially the 
same distance from the centre of the rotor as the 
radially most inward point of the metering chamber 
(292). 

2. The rotor of claim 1 , characterized in that the receiv- 
ing chamber (300) is a separation chamber having 
a cell trap. 

3. The rotor of claim 1 or 2, characterized in that a col- 
lection chamber (324) connected to the receiving 
chamber (300) and a plurality of cuvettes (326) dis- 
posed radially outward from the collection chamber 
(324) are provided. 

4. The rotor of claim 3, characterized in that each cu- 
vette (326) contains reagents necessary for analy- 
sis of the fluid. 

5. The rotor of anyone of the claims 1 to 4. character- 



ized in that it is injection molded or machined. 

6. A method for delivering a predetermined volume of 
fluid to a receiving chamber (300) in a rotor for cen- 

5 trif uging biological samples including a liquid 
phase, wherein a volume of fluid greater than the 
predetermined volume is introduced into a bulkfluid 
chamber (304), the rotor is spinned at a first rota- 
tional speed to effect the radially outward flow of the 

10 fluid from the bulk fluid chamber (304) into a meter- 
ing chamber (292) such that excess fluid flows out 
of the metering chamber (292) into an overflow 
chamber (296), and a predetermined volume of fluid 
remains in the metering chamber (292), and fluid 

15 from the metering chamber (292) is delivered from 
the metering chamber (292) to the receiving cham- 
ber (300), characterized in that the fluid delivering 
from the metering chamber (292) to the receiving 
chamber (300) is practiced in stopping the rotation 

20 of the rotor, thereby priming a siphon (31 8) connect- 
ing the metering chamber (292) to the receiving 
chamber (300), followed by spinning the rotor, 
thereby initiating the operation of the siphon (31 8) 
and emptying the metering chamber (292). 

25 

7. The method of claim 6 : characterized in that the re- 
ceiving chamber (300) is used as an separation 
chamber and is provided with a cell trap. 

so a The method of claim 6 or 7, characterized in that 
the bulk fluid chamber (304) is used as an diluent 
chamber and the introduction of fluid is carried out 
by preloading a diluent in the bulk fluid chamber 
(304). 

3S 

9. The method of anyone of the claims 6 to 8, charac- 
terized in that as biological sample blood is centri- 
fuged. 

Patentanspruche 

1 . Rotor zum Zentrifugieren von biologischen Proben, 
die eine Flussigphase einschlieGen, umfassend ei- 

45 . ne Flussigkeitsmassenkammer (304), eine Bemes- 
sungskammer (292), die mit der Flussigkeitsmas- 
senkammer (304) verbunden und radial auswarts 
von der Flussigkeitsmassenkammer (304) ange- 
ordnet ist, eine Oberlaufkammer (296), die mit der 

so Bemessungskammer (292) verbunden ist, eine Auf- 
nahmekammer (300), die radial auswarts von der 
Bemessungskammer (292) angeordnet ist, und ein 
kapillares Verbindungsmittel zum Liefem von Flus- 
sigkeit von der Bemessungskammer (292) zur Auf- 

55 nahmekammer (300), dadurch gekennzeichnet, 
daB die Verbindungsmittel einen Siphon (318) um- 
fassen, durch den die Bemessungskammer (292) 
in der Lage ist. das FlieGen von Flussigkeit aus der 
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Bemessungskammer (292) zu verhindem, bis die 
Bemessungskammer (292) gefullt ist, wobei das 
Knie (320) des Siphons (318) derart positioniert ist, 
daft es sich im wesentlichen im gletchen Abstand 
vom Mittelpunkt des Rotors wie die radial am mei- s 
sten einwarts geiegene Steile der Bemessungs- 
kammer (292) befindet. 

Rotor nach Anspruch 1, dadurch gekennzeichnet, 
daB die Autnahmekammer (300) eine Trennkam- *0 
mer ist, die eine Zellenlaile besitzt. 

Rotor nach Anspruch 1 Oder 2, dadurch gekenn- 
zeichnet, daB eine Sammelkammer (324) mit der 
Aufnahmekammer (300) verbunden ist und eine is 
Vieizahl von KOvetten (326) radial auswarts von der 
Sammelkammer (324) vorgesehen ist. 

Rotor nach Anspruch 3, dadurch gekennzeichnet, 
daB jede Kuvette (326) Reagenzien enthalt, die zur 20 
Analyse der FlOssigkeit notwendig sind. 

Rotor nach einem der Anspruche 1 bis 4, dadurch 
gekennzeichnet, daft er spritzgegossen oder spa- 
nend bearbeitet ist. 25 



8. Verfahrer nach Anspruch 6 Oder 7, dadurch ge- 
kennzeichnet, daB die FIQssigkeitsmassenkammer 
(304) ais eine Verdunnungskarnmer verwendet wird 
und das Einfuhren der FlOssigkeit unter Voreinfullen 
eines Verdunnungsmittels in die Flussigkeitsmas- 
senkammer (304) ausgefuhrt wird. 

9. Verfahren nach einem der Anspruche 6 bis 8, da- 
durch gekennzeichnet, daB als biologische Probe 
Blut zentrifugiert wird. 



Revendlcatlons 

1. Rotor pour centrifuger des echantilions biologiques 
comprenant une phase liquide, comportant une 
chambre a liquide en vrac (304), une chambre de 
mesure (292) raccordee a la chambre a liquide en 
vrac (304) et disposee radialement a I'exterieur par 
rapport a la chambre a liquide en vrac (304), une 
chambre de debordement (296) raccordee a la 
chambre de mesure (292), une chambre receptrice 
(300) disposee radialement vers Text6rieur par rap- 
port a la chambre de mesure (292), et un moyen de 
raccordement capillaire pour delivrer le liquide de 



2. 



3. 



4. 



5. 



6. Verfahren zum Abgeben eines vorbestimmten FIOs- 
sigkeitsvolumens an eine Autnahmekammer (300) 
in einem Rotor zum Zentrifugieren von biologischen 
Proben, die eine FlOssigphase einschlieften, wobei 
ein Flussigkertsvolumen groBer als das vorbe- 
stimmte Volumen in eine FlOssigkeitsmassenkam- 
mer (304) eingefuhrl, der Rotor mit einer ersten 
Drehgeschwindigkeit gedreht wird. um den radial 
auswartigen FluB der FlOssigkeit aus der Flussig- 
keitsmassenkammer (304) in eine Bemessungs- 
kammer (292) zu bewirkea so daB GberschOssige 
FlOssigkeit aus der Bemessungskammer (292) in 
eine Oberlaufkammer (296) flieBt, und ein vorbe- 
stimmtes Flussigkertsvolumen in der Bemessungs- 
kammer (292) bleibt, und FlOssigkeit aus der Be- 
messungskammer (292) aus der Bemessungskam- 
mer (292) in die Aufnahmekammer (300) geliefert 
wird, dadurch gekennzeichnet, daB die Flussig- 
keitsabgabe von der Bemessungskammer (292) 
zur Aufnahmekammer (300) durch Anhalten der 
Drehung des Rotors vorgenommen wird, wodurch 
ein Siphon (318), der die Bemessungskammer 
(292) mit der Aufnahmekammer (300) verbindet, 
gefullt wird, gefolgt von einem Drehen des Rotors, 
um den Betrieb des Siphons (318) in Gang zu set- 
zen und die Bemessungskammer (292) zu leeren. 

7. Verfahren nach Anspruch 6, dadurch gekennzeich- 
net, daB die Aufnahmekammer (300) als eine 
Trennkammer verwendet wird und mit einer Zellen- 
falie versehen ist. 



la chambre de mesure (292) a la chambre receptri- 
ce (300), caracterisee en ce que le moyen de rac- 
cordement comporte un siphon (318) par lequel la 
chambre de mesure (292) est capable d'empecher 
so le liquide de s'ecouler de la chambre de mesure 
(292) jusqu'apres que la chambre de mesure (292) 
soit pleine, lecoude (320) du siphon (318) etant pla- 
ce de telle sorte qu'il est sensiblement a la meme 
distance du centre du rotor que le point radialement 
35 ie plus interieur de la chambre de mesure (292). 

2. Rotor selon la revendication 1 , caracterise en ce 
que ia chambre receptrice (300) est une chambre 
de separation ayant un piege a cellules. 

40 

3. Rotor selon la revendication 1 ou 2, caracterise en 
ce qu'il est prevu une chambre collectrice (324) rac- 
cordee a la chambre receptrice (300) et une plura- 
lite de cuvettes (326) disposees radialement vers 

-<5 Texterieur par rapport a la chambre collectrice 
(324). 

4. Rotor selon la revendication 3, caracterise en ce 
que chaque cuvette (326) contient des reactifs ne- 

so cessaires pour ('analyse du liquide. 

5. Rotor selon I'une quelconque des revendications 1 
a 4, caracterise en ce qu'il est moule par injection 
ou usine. 



55 

6. Precede pour deiivrer un volume predetermine de 
liquide a une chambre receptrice (300) dans un ro- 
tor pour la centrifugation d'echantillons biologiques 
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comprenant une phase liquide, dans lequel un vo- 
lume de liquide superieur au volume predetermine 
est introduit dans une chambre a liquide en vrac 
(304), le rotor est mis en rotation & une premiere 
vitesse de rotation pour faire couler le liquide radia- 5 
lement en direction de I'exterieur, de la chambre a 
liquide en vrac (304) a une chambre de mesure 
(292) de facon que le liquide en exces s'ecoule de 
la chambre de mesure (292) & une chambre de de- 
bordement (296) et qu'un volume predetermine de io 
liquide reste dans la chambre de mesure (292), et 
du liquide de la chambre de mesure (292) est deli- 
vre de la chambre de ia chambre de mesure (292) 
a la chambre receptrice (300), caract6ris6 en ce 
que ia delivrance de liquide de la chambre de me- T5 
sure (292) k la chambre receptrice (300) est prati- 
quee en arretant de la rotation du rotor, ceci amor- 
cant un siphon (318) raccordant ia chambre de me- 
sure (292) & la chambre receptrice (300), et ensuite 
en faisant tourner le rotor, ceci faisant commencer 20 
le fonctionnement du siphon (318) et vider la cham- 
bre de mesure (292). 

7. Precede selon la revendication 6, caracterise en ce 
que ia chambre receptrice (300) est utilisee comme 25 
chambre de separation et comporte un piege a cel- 
lules. 

8. Procede selon la revendication 6 ou 7, caracterise 

en ce que la chambre a liquide en vrac (304) est so 
utilisee comme chambre a diluant et en ce que I' in- 
troduction de liquide est effectuee en chargeant au 
prealable un diluant dans la chambre a liquide en 
vrac (304). 



Procede selon Tune quelconque des revendications 
6 a 8, caracterise en ce que du sang est centrifuge 
en tant qu'echantillon biologique. 



as 
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so 
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